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PREFACE 


This  report  contains  the  results  of  studies  performed  to  evaluate  the 
rot  and  weather-resistance  protection  provided  by  copper-zirconium  and 
Zirchrome  as  finishes  for  cotton  textiles.  Though  the  wo^^k  described  in 
this  report  was  completed  essentially  prior  to  1970  and  portions  of  it 
have  been  reported  out,  the  information  is  considered  timely  due  to  a re- 
cent renewal  of  interest  in  the  copper-zirconium  finish  as  a possible  re- 
placement for  fungicides  regarded  as  hazardous  to  the  environment.  This 
report  has  been  written  to  provide  a complete  and  integrated  summation 
of  efforts  carried  out. 

The  authors  are  indebted  to  these  USDA  personnel  - Wilson  A.  Reeves, 
Albert  S.  Cooper,  Jr.,  C.  James  Conner  and  Norbert  W.  Berard  for  technical 
guidance  and  coordination  of  this  study  witi  the  United  States  Department 
of  Agriculture.  Dr.  Leonard  Teitell,  USA  Frankford  Arsenal,  is  to  be 
thanked  for  exposing  samples  in  Panama  Canal  Zone.  Thanks  are  also  due 
to  Mr.  Thomas  D.  Miles,  formerly  USA  NARADCOM,  for  supplying  some  of  the 
tear  strength  data. 
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AN  EVALUATION  OF  SOME  ZIRCONIUM-CONTAINING  FINISHES 
AS  FUNGICIDES  FOR  THE  PRESERVATION  OF  COTTON  FABRIC 


INTRODUCTION 


TVn  inexpensive  funoal-resistant  treatment  based  on  the  reaction 
oroducts  of  several  zirconium  compounds  has  been  developed  at  Southern 
Regional  Research  Center,  USDA,  and  is  fully  described  by  Conner  et  al  . 
Briefly,  water  soluble  zirconium  compounds  were  used  to  solubilize  a 
number  of  anti-microbial  acents.  Durintj  the  cure  process,  the  anti- 
microbial compounds  formed  insoluble  funaitoxic  products  with  zirconium 
that  were  resistant  to  leaching. 

Copper  borate,  one  of  the  anti-microbials  investioated,  was  solu- 
bilized with  either  zirconvl  acetate  or  zirconium  ammonium  carbonate 
and  Padded  onto  cotton  duck  fabric.  The  cotton  duck  treated  with  copper 
borate-zirconvl  ammonium  carbonate  was  more  rot-resistant  than  duck 
treated  with  copper  8-guinolinolate  at  the  0.2%  copper  level.  The  copper 
borate-zirconyl  acetate  treated  fabric,  hov'ever,  was  more  susceptible 
to  microbiological  degradation  but  good  in  weathering  properties.  In 
short,  the  weatherino  and  rot-resistance  data  indicated  that  these 
fungicides  should  be  further  evaluated  relative  to  copper  8-auinolinolate 
for  potential  use  in  Armv  applications. 


The  standard  screening  procedure  used  by  this  laboratorv  for  the 
preliminary  evaluation  of  potential  militarv  funoicides  includes  the 
performance  of  soil  burial  tests  both  before  and  after  the  standard 
leaching  test  and  100  hours  of  Weather-Oneter  exposure.  O.D.  sateen 
Fabrics  which  had  been  treated  with  copper  borate-zirconvl  ammonium 
carbonate  and  copper  borate-zirconvl  acetate  at  comparable  wet  pick-up 
levels  by  Southern  Regional  Research  Center,  USDA,  v/ere  subiected  to 
these  tests.  O.D.  sateen  treated  with  copper  Borate-zirconvl  ammonium 
carbonate  was,  in  fact,  more  rot-resistant  than  the  comparaV'le  fabric 
treated  v;ith  copper  borate-zirconvl  acetate.  After  120  davs  in  soil 
burial  the  former  fabric  retained  83%  of  its  orioinal  breakino  strength 
while  the  latter  fabric  retained  only  22%.  TJeither  the  standard  leaching 
test  or  100  hours  of  Weather-Ometer  exposure  sianificantlv  affected  the 
rot-resistance  of  either  fabric.  b’eather-Ometer  exposure,  per  se,  caused 
an  &%-9%  breaking  strength  loss  in  the  two  fabrics.  Since  the  two  treat- 
ments on  the  same  O.D.  sateen  liase  fabric  perFormed  eauallv  v’ell  durina 
Weather-Ometer  exposure,  100  hours  was  not  sufficient  to  differentiate 
between  the  weatherino  properties  of  the  two  treatments. 


Another  anti-microbial,  tetramminecopper  carbonate  was  not  as  satis- 
factory as  copper  borate  in  soil  burial  performance.  There  was  a sioni- 
ficant  difference  between  sets  of  the  same  well-scoured  duck  treated  with 
either  compound  in  combination  with  zirconyl  ammonium  carbonate.  After 
84  days  in  soil  burial,  fabrics  treated  with  tetramminecopper  carbonate 


^Conner,  C.J.,  A.S.  Cooper,  Jr.,  W.A.  Reeves,  B.A.  Trask.  Sene  Microbial 

Resistant  Compounds  of  Zirconium  and  Their  Effect  on  Cotton,  "textile 
Res  J.  34,  347  (1964). 
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retained  onlv  i*5J  and  k1%  of  their  initial  breaking  strength,  on  aTeragf?-  j 

However,  fabrics  treated  with  copper  borate  retained  oW.  91)»  and  92S  fol-  j 

lowinq  soil  burial  for  120  days  - a considerablv  lonaer  exposure  period.  i 

Hence,  the  fabrics  treated  with  copper  borate  were  more  than  twice  as  j 

rot-resistant  when  the  difference  in  lenqth  of  soil  burial  exposure  was  1 

taken  into  account.  This  laroe  difference  in  performance  could  not  be 
accounted  for  bv  the  analytical  data  obtained  from  the  fabrics. 

Primary  interest  from  a microbioloqical  point  of  view  caune  to  be 
centered  on  fabrics  treated  with  copper  borate  and  zirconvl  ammondum 
c-'^bonate.  Fabrics  treated  with  this  combination  of  compounds  demonstrated 
a hiqh  level  of  rot-resistance  and  warranted  more  extensive  evaluation 
includino  outdoor  exposure.  This  report  contains  a compilation  of  labor- 
atory and  outdoor  exposure  data  obtained  from  a series  of  materials 
^unqus-proofed  with  the  copper  borate-zirconvl  ammonium  carbonate  treatment, 
nlso  included  are  results  obtained  from  fabrics  prepared  bv  the  r^irchrome 
Process  which  is  a mineral  dveinq  process  for  producina  weather-resistant 
fabric.  The  Firchrome  Process  evolved  as  a consequence  of  previous  work 
with  water-soluble  zirconium  compounds  and  anti-microbial  aqents.  Conner 
et  al^  found  that  the  inclusion  of  a hexavalent  chromium  compound  under 
controlled  conditions  resulted  in  an  insoluble  mineral  dve  which  improved 
the  weather-resistance  of  cotton  fabric.  , _ 


MATFRIALH  AND  METHODS 

Fabrics 

The  fabrics  evaluated  in  this  study  are  listed  in  Table  1.  Fabric  1, 
a oreioe  duck,  which  contained  1.03%  copper  8-quinolinolate  (Cu-fl)  bv 
analysis  was  included  in  this  renort  as  a basis  for  comoarinn  the  Per- 
formance of  fabrics  treated  with  copper  borate-zirconvl  ammonium  carbonate 
(Cu-Er) . Fabric  1 had  been  treated  by  the  Towel 1 tiniversitv  Research 
Foundation  with  Cunilate  217/1  (a  10%  active  commercial  preparation  of 
Ventron  Corporation,  Beverlv,  MA)  extended  in  Esso  V'arsol  1.  Fabric  IR 
was  a cotton  osnaburq  treated  with  cuprammonium  salts  in  accordance  with 
HIL-M-46032.3  It  was  included  as  a basis  for  evaluatino  the  performance 
of  fabrics  treated  by  the  Zirchrome  process  because  the  Zirchrome  treat- 
ment was  oriqinallv  reqarded  as  a possible  replacement  for  the  cupraunmonium 
treatment.  Fabric  18  was  furnished  as  disassembled  sandbaos  by  the  tbS. 

Armv  Mobility  Equipment  RSD  Center,  Fort  Belvoir,  Virqinia.  Hence,  the 
date  and  place  of  treatment  were  unknown. 

All  fabrics  treated  either  with  copper  borate-zirconyl  ammonium 
carbonate  or  by  the  Zirchrome  Process  were  prepared  bv  the  Southern  Peoional 
Research  Center  of  the  H.S.  Department  of  Aoriculture.  The  Conner  borate- 

^Conner,  C.J.,  (},s,  Danna,  A.S,  Cooper  Jr.,  W.A.  Reeves.  Novel 

Mineral  Dveinq  Process  for  Improved  Weather  Resistance  of  Cotton. 
Textile  Research  J.  37,84  (1967). 

3u.S.  Federal  Supply  Service,  "Mildew-Resistant  Treatment  (For  Fabrics) 
Copper  Processes",  Military  Specification  MIT,-M-46032 , Washinoton, 
D.C.,  U.S.  Government  Printinq  office,  1959. 
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zirconyl  ammonium  carbonate  treatment  was  applied  to  all  the  base  fabrics 
listed  in  Tedsle  1 except  cotton  osnaburg.  The  Zirchrcxne  treatment,  on 
the  other  hand,  was  applied  only  to  cotton  osnaburg  because  of  specific 
interest  in  this  treatment  as  a semdbag  preservative.  All  except  fabric  6 
and  fabric  19  were  small-scale  preparations.  Fabric  6,  a greige  duck, 
was  a 119-raetre  test  run  which  was  scoured  prior  to  treatment.  Osnaburg 
fabric  19,  also  a large  test  run,  was  scoured  too.  Fabrics  3 to  10  were 
prepaured  in  an  attempt  to  relate  treatment  performemce  during  actinic 
exposure  with  treatment  composition.  The  base  fabric  used  for  this  test 
series  was  a 334-g/m^-type  III  duck,  CCC-C-419a.5  it  was  boiled  off  in 
a 4%  caustic  soda  solution  and  bleached  in  a 2%  hydrogen  peroxide  solution 
immediately  after  the  fabric  had  been  woven.  Greige  osnaburg  fabric  12 
and  scoured  osnaburg  fabric  15  were  dried  four  minutes  at  120Oc  and  then 
cured  two  minutes  at  140°C  on  tenter  freunes.  Greige  osnaburg  fabric  13 
and  scoured  osneJsurg  fedsric  16  were  dried  two  minutes  and  then  cured  two 
minutes  at  a gage  pressure  of  210  kPa.  The  estimates  of  treatment  level 
2Uid  2malytical  data  contained  in  T2d3le  1 for  fa±>rics  treated  either  with 
copper  borate-zirconyl  ammonium  carbonate  or  by  the  Zirchrome  Process  were 
supplied  by  the  Southern  Regional  Research  Center. 

Different  specimens  of  each  treated  material  were  subjected  to  the 
severe  leaching  test;  i.e.  24  hours  at  27°to  29®C  and  to  100  hours  of 
full  cycle  exposure  in  a twin  arc  Weather-Ometer.  These  tests  were  pre- 
ceded euid  followed  by  soil  burial  testing  to  measure  initial  rot-resistance 
^md  any  loss  due  to  either  leaching  or  Weather-Ometer  exposure. 

In  addition  to  the  above  l^d3oratory  tests,  specimens  of  fabric  6,  a 
greige  duck,  were  exposed  to  three  different  outdoor  environments  for 
12  months.  Specimens  of  osnadiurg  fadsric  19  were  exposed  at  one  of  the 
sites  for  10  months.  At  bimonthly  intervals  specimens  of  greige  fabric 
6 were  evaluated  for  changes  in  copper  content,  breaking  strength, 
cuprammonium  fluidity  amd  rot-resistance.  Osnaburg  fabric  19  was  evaluated 
only  for  changes  in  breaking  strength. 

The  treatments  all  imparted  a characteristic  color  to  the  base  fabric. 
Copper  8-quinolinolate  imparted  a greenish-yellow  color,  copper  borate- 
zirconyl  ammonium  caurbonate  a pale  blue  tint,  Zirchrome  a pearl-gray 
finish,  and  cuprammonium  salts  a light  brown  with  a reddish  tinge. 

Copper  content  was  assayed  by  the  rubeanic  acid  method  described  by 
Kempton  et  al.®  Analysis  for  copper  8-quinolinolate  was  performed  at^ 
the  Lowell  University  Research  Foundation  by  the  method  of  Pose  et  al. 

^U.S.  Federal  Supply  Service,  "Cloth,  Duck,  Cotton,  Unbleached, 
Plied-Yaurns,  Army  and  Numbered,"  Federal  Specification  CCC-C-419a, 
Washington,  D.C.,  U.S.  Government  Printing  Office,  1961. 

^Kempton,  A.G. , M.  Greenberger,  A. If*  Kanlan  A Critical  Comparison 
of  Available  Methods  for  the  Spectrophotometric  Determination  of 
Micro  Amounts  of  Copper  in  Textiles.  Textile  Res  J.  32.»  128  (1962). 

^Rose,  A.,  A.W.  Hutchison,  J.R.  Hayes,  I.R.  Sharkey.  The  Estimation 
of  Copper  8-Quinolinolate  in  Mildewproofed  Fabrics.  Am.  Dyestuff 
Reptr.  45,  362  (1956). 
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Rreakinq  strenaths  were  measured  on  an  Tnstron  Tensile  Tester  Mpdel 
TT-Cl  accordinq  to  Method  5104.1  of  Federal  Snecif ication  OCC-T-lolb  . 
Tearinq  strenqths  were  measured  on  an  Flmendorf  ""ear  "^est  Machine  accord- 
ina  to  Method  5132  of  Federal  Foecif ication  CCC-'^-191b . ° 

Fluiditv  measurements  were  nerformed  as  described  bv  Clib>^ens  and 
Little 


Durability  Tests 

Outdoor  weatherinq  tests  were  performed  at  the  NARADCOM  exposure  site 
in  Fudburv,  Massachusetts  and  at  two  Fort  Fherman  exposure  sites  in  the 
Manama  Canal  Zone.  The  NARADCOM  site  and  one  of  the  Panama  sites  were  un- 
shaded, onen  field  sites.  The  other  Panama  site  was  in  a shaded  rain  forest 
location.  Larqe  swatches  of  cloth  were  secured  to  ooen-backed  racks  at  the 
three  sites.  The  racks  at  Sudbury  are  of  aluminum  construction,  and  samples 
were  tacked  to  wooden  frames  that  face  south  at  an  anole  of  0.79  rad  from 
the  yertica] ^ the  fabrics  beino  a minimum  distance  of  75  cm  from  the  oround. 
'■abric  samples  were  attached  directly  to  the  aluminum  racks  at  Fort  Sherman 
bv  either  wire  and  eyelets  or  slotted  anole  aluminum.  The  Fort  Sherman 
frames  face  south  at  an  anole  of  1.05  rad  from  the  vertical. 

Weather-Ometer , leachinq  and  soil  burial  testinq  v'ere  conducted  on 
25  X 150  mm  warn  strips  in  accordance  with  'Methods  5f70,  5R30  and  57<S2, 
resnectiyely,  of  Federal  Fnecif ication  CCC-"'-lPlb  (reference  P) . ravelled 
specimens  were  used  vhenever  possible. . 


'’FFULTF  AND  DIFCLTST'^N 
Preliminary  Plwsical_’'ea^urements 

Table  2 demonstrates  the  effect  of  treatment  on  the  '-'arn  breakino 
and  warp  tearinn  strenoth  of  fabrics  included  in  this  report.  breakino 
and  tearinn  strenoth  measurements  were  performed  on  all  treated  ^a)rics 
for  which  an  untreated  control  was  available.  Cuprammr.nium  treated 
fabric  19  was  also  included  althounh  no  suitable  control  'vas  available 
for  it.  The  data  indicate  that  none  of  the  treatments  seriously  affected 
the  hreakinq  strenoth  of  anv  of  the  test  fabrics.  ?'owever,  the  tearinq 
strenoth  data  from  the  Zirchrome  treated  fabrics  wore  cause  for  concern 
because  the  tearinq  strenqths  of  the  three  untreated  osnaburq  fabrics 
ranoed  from  52  to  57  newtons  v'ith  an  averaqe  value  of  55  newtons  for  the 
oroup  while  the  tearino  strenoths  of  the  five  Zirchrome  treated  fabrics 
ranqed  from  18  to  23  newtons  with  an  average  value  of  21  newtons.  If 
the  losses  are  calculated  as  % retention  based  on  the  untreated  fabric. 

Federal  Supply  Service,  '"textile  Test  Methods",  Federal  Specification 
CCC-T-191b,  Washinoton,  D.r.,  N.S.  ihovernment  "rintinq  Office,  1951. 

^Clibbens,  D.A.,  A.H.  Little.  Shirlev  Institute  Memoirs  15,  25  (193f ) . 
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i TABLE  2 


Effect  of  treatment  on  breaking  eind  tearing  strength  of  fabrics 


Fabric 

Fabric 

Breaking 

strength 

Tearing 

Strength 

no. 

description 

N 

%Ret. 

N 

%P.et. 

1 

Cu-8  treated  greige  duck 

592 

99 

32 

100 

2 

Untreated  greige  duck 
'control  for  fabric  1) 

596 

— 

32 

— 

6 

Cu-Zr  treated  greige  duck 

659 

101 

25 

78 

7 

Untreated  greige  duck 
(control  for  fabric  6) 

650 

— 

32 

— 

8 

Cu-Zr  treated  bleached  duck 

481 

108 

12 

92 

9 

Cu-Zr  treated  bleached  duck 

490 

110 

12 

92 

10 

Cu-Zr  treated  bleached  duck 

498 

112 

12 

92 

11 

Untreated  bleached  duck 
(control  for  fabrics  8,  9,  10) 

445 

— 

13 

— 

12 

Zirchrome  treated  greige  osnaburg 

38  3 

94 

23* 

40 

13 

Zirchrome  treated  greige  osnaburg 

476 

116 

20* 

35 

14 

Untreated  greige  osnabura 
(control  for  fabrics  12,  13) 

409 

— 

57» 

— 

15 

Zirchrome  treated  scoured  osnaburg 

338 

97 

22» 

39 

16 

% 

Zirchrome  treated  scoured  osnaburg 

405 

117 

18  • 

32 

17 

Untreated  scoured  osnaburg 
(control  for  fadDrics  15,  16) 

347 

— 

56  • 

— 

18 

Cuprammonium  treated  osnaburg 

392 

— 

27 

19 

zirchrome  treated  scoured  osn^d>urg 

343 

101 

21 

40 

20 

Untreated  scoured  osnaburg 
(control  for  fabric  19) 

338 

52 

“ — 

•Data 

supplied  by  T.  Miles,  U.  S.  Army  Natick 

Research 

& Development 

Command. 
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the  fabrics  retained  only  32)t  to  4o;t  of  their  initial  tearing  strength 
after  treatment  by  the  Zirchrome  Process.  It  appears  likely  that 
cuprammonium  treated  fadsric  18  with  a tearing  strength  of  only  27 
newtons  also  suffered  a reduction  in  tearing  strength  as  a result  of 
treatment.  However,  no  suiteible  control  was  available  for  estimating 
the  % change.  Fabrics  treated  with  copper  borate-zirconyl  ammonium 
carbonate  lost  little  tearing  strength  relative  to  fabrics  treated  by 
the  Zirchrome  Process.  The  maximum  loss  occurred  in  treated  fadsric  6 
which  retained  78%  of  its  initial  tearing  strength  after  treatment. 

Copper  8-quinolinolate  treated  fabric  1 was  unique  in  that  it  apparently 
was  the  only  treated  fabric  not  to  lose  some  tearing  strength  as  a result 
of  treatment. 


Copper  Borate-zirconyl  Ammonium  Carbonate 
Rot-ResisteUice 


Table  3 contains  the  results  obtained  from  laboratory  tests 
performed  on  the  fabrics  treated  with  copper  borate-zirconyl  ammonium 
carbonate.  Comparable  data  from  greiqe  duck  fabric  1 which  contained 
1.03%  copper  8-quinolinolate  are  included.  Fabric  1 lost  17%  of  its 
breaking  strength  following  63  days  of  soil  burial.  This  performance  was 
not  satisfactory  in  relation  to  data  previously  reported  in  the  literature 
or  as  experienced  in  our  laboratory.  Past  work  performed  in  this  laboratory 
by  Kempton  et  al.  has  shown  that  0.50%  solubilized  copper  8-quinolinolate 
by  einalysis  protected  a 417  g/m^  cotton  duck  for  approximately  50  days  in 
soil  burial.  Similarly  Klens  and  Stewart^  have  shown  that  0.77%  solubilized 
copper  8-quinolinolate  (0.14%  copper  by  analysis)  protected  a 305  g/m^ 
duck  for  8 weeks  before  euiy  loss  of  fungicidal  action  was  evident.  Con- 
sequently cotton  fadsric  containing  as  much  as  1.03%  copper  8-quinolinolate 
should  last  2 to  3 months  in  soil  burial  before  losing  any  breaking  strength. 

It  is  possible  that  fz±>ric  1 was  not  adequately  prepared.  Changes  in  rot- 
resistance  after  leaching  were  not  measured  in  this  fabric.  However,  past 
experience  with  copper 8-ouinolinolate  indicates  only  a negligible  loss  of 
fungicide  will  result  during  severe  leaching  exposure. 

The  test  results  indicated  that  the  copper  borate-zirconyl 
aimnonium  carbonate  treatment  did,  in  fact,  provide  good  rot-resistance 
relative  to  copper  8-quinolinolate.  Greiqe  duck,  fabric  3 lost  signif- 
icant biocidal  action  after  60  days  of  exposure  in  soil  burial.  However, 
the  microbiological  resist^mce  of  the  other  fabrics  was  clearly  superior 
to  that  of  feibric  3.  Fabrics  8,  9 and  10,  which  were  all  prepared  from 
the  same  Type  III  duck  CCC-C419a,  lost  little  rot-resistance  during  120 
days  of  soil  burial  and  were  regarded  excellent  in  straight  soil  burial 
performance. 

^ ^Kempton,  A.G. , 'H.  Maisel,  A.M.  Kaplan,  A Study  of  the  Deterioration 

of  Fungicide-Treated  Fabrics  in  Soil  Burial.  Textile  Res.  J.  33,  87  (1963). 


^^Klens,  P.F.,  W.J.  Stevart.  New  Developments  in  Textile  Preservation. 
Am.  Dyestuff  Reptr.  46,  346  (1957). 
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In  general,  the  itdcrobiological  resistance  of  feOarics  treated 
with  copper  borate-zirconyl  aOTnonium  carbonate  was  not  significantly 
affected  by  either  leaching  or  Weather-Cnieter  exposure.  However,  the 
strength  data  for  vinyl  coated  f^u^ric  5 indicated  that  the  fungal- 
resistance  of  this  material  was  meirkedly  reduced  following  subjection 
to  either  of  these  tests.  Loss  of  rot-resistance  after  leaching  suggests 
the  treatment  was  not  adequately  insolubilizeu  in  the  material.  Further- 
more, since  the  loss  of  microbiological  resistance  following  Weather- 
Oneter  exposure  paralleled  the  loss  of  resist^u^ce  after  leaching,  both 
failures  could  be  related  in  cause.  The  Clark  flexibility  data  for 
fcibric  5 indicated  negligible  change  during  soil  burial  either  prior  to 
or  following  leaching  and  Weather-Ctoeter  exposure.  The  data  for  greige 
duck  fadiric  6,  a 119-metre  test  run,  also  demonstrated  a consideredsle 
loss  of  rot-resist2mce  due  to  Weather-Ometer  exposure.  The  soil  burial 
performauice  of  fabrics  5 and  6 following  Weather-Cmeter  exposure  could 
not  be  readily  related  to  either  the  treatment  level  or  fabric  preparation. 
Both  fabrics  were  judged  to  be  acceptably  prepared  by  the  processor.  The 
rapid  loss  of  fungal  protection  following  leaching  or  Weather-Oneter 
exposure  is  jui  important  consideration  since  it  indicated  a potential 
weakness  of  the  treatment  to  environmental  stress  under  use  conditions. 


The  data  in  TaUale  3 indicated  that  greige  duck  fabric  3,  woven 
awning  duck  fabric  4,  and  vinyl  coated  fabric  5,  lost  little  breaking 
strength  as  a result  of  Weather-Ometer  exposure.  However,  greige  duck 
f^d>ric  6,  the  119-metre  test  run,  retained  only  70%  of  its  breciking 
strength  following  Weather-Ometer  exposure  as  compared  to  98%  for  copper 
8-quinolinolate  treated  fabric  1 which  was  prepared  from  the  same  base 
fabric.  Since  fabric  7,  the  untreated  control,  retained  79%  of  the 
original  breaking  strength,  the  treatment  in  fabric  6 was  not  conferring 
the  protection  afforded  by  copper  8-quinolinolate  but  was  possibly  cat- 
alyzing degradation  of  the  base  fabric  during  Weather-Ometer  exposure. 

Several  fabrics  were  prepared  in  an  attempt  to  relate  accelerated 
degradation  of  fabric  and  loss  of  biocidal  action  during  Weather-Ometer 
exposure  with  treatment  composition.  Three  different  padding  solutions 
of  copper  borate  solubilized  in  zirconyl  ammonium  carbonate  with  varying 
concentrations  of  copper  eind  zirconium  were  prepared  and  applied  to  334  g/m 
duck.  Type  III  CCC-C-419a.  Table  4 demonstrates  the  effect  of  Weather- 
Ometer  exposure  on  the  breedcing  strength  of  untreated  fabric  11  and  treated 
fabrics  8,  9 and  10.  Since  the  treated  fabrics  had  greater  breaking 
strength  than  the  untreated  control,  the  calculation  of  brejdcing  strength 
loss  following  Weather-Ometer  exposure  in  this  case  was  based  on  the 
untreated  fabric  rather  them  the  original  treated  fabric  to  avoid  possible 
exaggeration  of  the  actual  v/eather-Cmeter  loss.  The  treatment  in  fabric  9 
appeared  to  enhamce  Weather-Ometer  degradation  of  the  base  f^d3ric.  Since 
the  other  two  treatments  did  not  show  effects  significantly  different  from 
the  untreated  control  during  Weather-Ometer  exposure,  none  of  these  three 
treated  fabrics  demonstrated  ^my  evidence  of  protection  during  exposure. 
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The  data  in  Table  3 indicated  that  fabrics  6 and  10  performed  equally  well 
during  soil  burial  following  Weather-ometer  exposure,  but  fabric  9 was  not 
quite  as  rot-resisteuit.  Following  four  nx/nths  of  soil  burial,  Weather- 
Cmeter-exposed  fabric  9 suffered  a breaking  strength  loss  of  24%  as  compared 
to  a loss  of  14%  and  12%  by  fabrics  8 and  10,  respectively.  The  enhanced 
degradation  of  base  fadaric  and  the  loss  of  biocidal  action  could  be  related 
to  the  significantly  higher  copper  content,  0,755%,  of  fabric  9 relative 
to  fadarics  8 amd  10  containing  0.485%  and  0.520%  copper,  respectively. 

In  summarizing  the  work  of  previous  investigators,  Bayley  et  al.^^  make 
mention  of  the  very  point  that  inorganic  copper  compounds  tend  to  accelerate 
actinic  degradation  of  cotton  fabric.  However,  this  alone  does  not  explain 
the  Weather-Ometer  deterioration  amd  biocidal  action  loss  of  greige  fed^ric 
6 (Table  3)  which  contained  0.522%  copper  by  analysis.  Additional  studies 
are  required  to  clarify  this  point. 

Outdoor  Exposure  at  Three  Sites 

Differentiation  between  Actinic  and  Microbiological  I 

Degradation 

2 

One  hundred  nineteen  metres  of  334  g/m  greige  duck  from 
the  Array  supply  system  had  been  prepared  with  copper  borate-zirconyl 
ammonium  carbonate  for  full  field  evaluation  in  both  tronical  and  temperate 
climates  at  two  Panama  Canal  Zone  sites  and  the  local  Sudburv,  Massachu- 
setts site,  respectively.  Following  treatment,  greige  fabric  6 contained 
approximately  0.51%  copper,  3.07%  zirconvl  and  0.08%  boron  on  the  basis 
of  wet  pickup.  Subsequent  analysis  of  the  fabric,  which  indicated  the 
copper  content  to  be  0.522%,  verified  the  add-on  estimate.  Since  greige 
fabric  6 had  demonstrated  accelerated  degradation  and  loss  of  biocidal 
action  during  Weather-rmeter  exposure,  this  fadiric  offered  the  opportunity 
for  comparison  of  Weather-rmeter  findings  with  outdoor  field  data. 

Differentiation  between  actinic  amd  microbiological  degrad- 
ation cam  be  made  on  the  basis  of  the  relationship  of  the  cupraunmonium 
fluidity  values  to  the  breaking  strength  loss.  Sunlight  and  airborne 
acids  will  increase  both  the  breadting  strength  loss  and  the  cuprammonium 
fluidity,  but  microbial  attack  affects  only  the  breakino  strength  of  the 
faUbric.  However,  the  degradative  contribution  of  airborne  acids  is  secondary 
to  the  photochemical  damage  caused  by  actinic  rays.  Furthermore,  since 
the  three  exposure  sites  are  not  located  in  industrial  or  hearvily  nopulated 
areas  where  traces  of  acidic-type  substances  are  found,  am  increase  in 
both  the  fluiditv  and  the  breaking  strength  loss  can  be  considered  primarily 
due  to  actinic  radiation. 

i2Bayley,  c.H. , g.p,f.  Rose,  J.B.  Clifford,  J.D.  Cooney. 

Effect  of  Noncellulosic  Material  on  the  Actinic  Degradation  of 
Cotton  Fabric.  Part  I:  Some  Copper-Containing  Fungicides. 

Textile  Res  J.  33,  849  (1963). 
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The  mode  of  deter  oration  predominamt  at  each  of  the  three 
outaoor  exposure  sites  is  defined  by  the  data  obtained  from  fabric  7,  the 
untreated  control.  These  data  are  listed  in  Table  5 anu  plotted  in 
Figure  1.  The  cuprammonium  fluidity  and  breaking  strength  data  indicate 
actinic  activity  to  be  the  major  cause  of  deterioration  at  the  two  open 
sites.  However,  seunples  returned  from  the  Pan^una  open  site  did  exhibit 
evidence  of  some  staining  which  was  attributed  to  microorganisms  since 
stains  were  not  observed  in  fedsric  6,  the  treated  cloth,  under  comparable 
conditions.  None  of  the  untreated  samples  exposed  at  the  Sudbury,  Mass- 
achusetts open  site  exhibited  compairable  staining.  The  microbiological 
attack  on  the  control  sample  at  the  Panama  open  site,  however,  was  not 
judged  to  have  significantly  affected  fabric  strength.  The  good  agree- 
ment of  the  fluidity  vs.  breaking  strength  data  between  open  sites 
indicates  that  the  untreated  control  was  degraded  primarily  by  actinic 
energy  at  the  Panama  open  site.  If  microorganisms  had  significantly 
damaged  the  control  fabric,  the  data  from  this  site  would  have  assumed 
a graphical  position  somewhere  between  the  data  for  the  Sudbury  site, 
which  described  solar  degradation,  auid  the  data  for  the  rain  forest  des- 
cribing microbiological  deterioration.  The  lack  of  increase  in  the 
fluidity  of  the  untreated  fabric  exposed  in  the  rain  forest  despite 
significeuit  losses  in  breaking  strength  is  proof  that  the  mode  of  deter- 
ioration at  this  site  is  primarily  microbiological.  The  data  from  the 
two  Panama  sites  are  in  agreement  with  the  breaking  strength  and  fluidity 
data  of  Howeurd  and  McCord^ 3 ^,^0  reached  similar  conclusions  regarding 
their  open  and  shaded  sites  in  Panama. 

It  was  found  that  typical  organic  solvents  would  not  extract 
the  highly  insolubilized  reaction  product  of  copper  borate  and  zirconyl 
ammonium  carbonate  from  fadaric  6.  Solvents  listed  in  ASTM  0539-53^^  for 
sample  cleem-up  prior  to  fluidity  tests  were  tried  without  success.  Father 
than  cinalyze  all  weathered  samples  on  am  individual  basis,  for  extrameous 
non-cellulosic  matter,  fluidity  measurements  were  performed  on  the  weathered 
samples  without  correcting  for  the  weight  of  cellulose  used  in  the  fluidity 
test.  These  data  were  plotted  in  Figure  2 against  breaking  strength  losses 
for  samples  weathered  at  both  open  sites  and  tested  for  correlation  with 
the  data  from  Figure  1 describing  the  actinic  degradation  of  untreated 
cotton.  It  was  anticipated  that  amv  significant  shortage  of  cellulose 
in  the  sample  weight  would  result  in  am  increased  fluidity  value.  Hence, 
the  observed  fluidity  value  obtained  from  treated  samples  could  be  some- 
what higher  tham  values  obtained  from  untreated  samples  of  comparable 
breaking  strength  loss.  It  was  evident  from  the  clot  that  the  fluidity 
data  describing  the  weathering  of  the  treated  fabric  were  generally 
compaurable  to  the  data  derived  from  the  untreated  control.  At  comparable 
breaking  strength  loss  levels,  the  difference  in  one  per  pascal  seconds 
(l/Pa*a)  between  data  for  treated  and  untreated  specimens  was  not 

^ ^Howard,  J.W. , F.A.  McCord.  Cotton  Quality  Study  IV:  Resistance 

to  Weathering.  Textile  Res  J.  (1960). 

^‘'American  Society  for  Testing  and  Materials,  "Annual  Book  of  ASTM 
Standeurds",  ASTM  Standard  D539-53,  Philadelphia,  Pa.,  American 
Society  for  Testing  and  Materials,  1966. 
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CUPRAMMONIUM  fluidity  (1/Po  s) 


Figure  1 The  relationship  of  cuprammonium  fluidity  to  breaking  strength  loss 
for  fabric  7 (untreated  greige  duck)  exposed  at  three  outdoor  sites 
for  a 12  month  exposure  period. 
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Figure  2 The  relationship  of  cuprammonium  fluidity  to  breaking  strength  loss 
for  fabric  6 (Cu-Zr  treated  greige  duck)  and  fabric  7 (untreated 
greige  duck)  exposed  at  two  outdoor  sites  for  a 12  month  exposure 
period. 
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significantly  different  fror  the  scatter  of  the  values  as  a group.  The 
largest  discrepancy  was  the  difference  of  114  l/Pa‘8  at  0 breaking 
strength  loss  which  resulteo  from  application  of  the  treatment.  Prior 
to  treatment  the  fluidity  of  the  base  fabric  was  37  l/Pa’a  Followinq 
treatment  the  observed  value  was  151  1/Pa*s  If  the  114  l/Pa'S  fluidity 
increase  was  due  to  chemical  degradation  caused  by  the  treatment,  a 
substantial,  easily  measureible  breaking  strength  loss  would  have  occurred. 
Since  fabric  6 had  not  lost  any  breaking  strength  as  a result  of  treatment, 
the  114  l/Pa’8  increase  was  primarily  due  to  lack  of  sample  weight 
correction  rather  than  degradation  of  the  base  feibric  by  the  treatment. 

The  lack  of  such  a large  discrepemcy  at  other  breaking  strength  loss 
levels  is  at  least  partially  due  to  removal  of  the  add-on  during  weathering. 
In  fact,  the  best  agreement  between  both  sets  of  data  occurs  graphicallv 
at  the  higher  breaking  strength  loss  levels.  Hence,  observed  fluidity 
measurements  cerresponding  to  breaking  strenath  losses  in  excess  of 
approximately  30%  eu:e  likely  to  be  more  accurate  than  observed  fluidity 
measurements  corresponding  to  smaller  breaking  strength  losses. 

In  Table  6 the  breaking  strength  and  cuprammonium  fluidity 
data  from  treated  fabric  6 eure  related  to  months  of  outdoor  exposure  at 
the  three  sites.  Exposure  of  tlie  feibric  to  the  rain  forest  environment 
had  little  effect  on  the  breaking  strength  of  the  test  specimens  as  was 
amticipated  from  the  laboratory  soil  burial  experiment,  and  there  was  no 
evidence  of  surface  growth.  Likewise  there  was  no  significant  change  in 
the  fluidity  values  of  samples  exposed  at  this  site.  Pt  the  Sudbury  open 
site  the  fluidity  and  breaking  strength  values  were  relatively  stable 
during  the  first  six  months,  which  included  the  winter  season,  and 
relatively  volatile  during  the  latter  six  months  that  included  summer. 
Degradation  at  the  Pcinama  open  site  proceeded  more  regularly  between 
bimonthly  harvests. 

Influence  of  Treatment  on  V’eather-Resistance  of  Base  Fabric 

Table  7 contains  data  describing  the  effect  of  open  site 
exposure  on  the  breeiking  strength  and  cuprammonium  fluidity  of  fabrics 
i 1,  2,  6 and  7-  The  breaking  strength  data  indicated  that  copper  borate- 

; zirconyl  aunmonium  ccurbonate  treated  fabric  6 had  been  degraded  more 

' severely  than  its  control  during  the  first  two  months  of  exposure  at 

P^m^una.  Their  respective  breaking  strength  retentions  after  two  months 
of  exposure  were  71  and  86%.  The  immediate  deterioration  of  treated 
fabric  6,  at  the  maximum  treatment  level,  was  confirmed  by  the  increase 
in  cupr^lmmonium  fluidity.  The  79  1/Pa*8  increase  from  151  to  230  1/Pa*8 
following  two  months  of  exposure  at  Panama  would  be  a minimum  rather 
th£ui  a close  estimate  of  the  increase  in  cuprammonium  fluidity.  If  no 
treatment  was  removed  during  weathering,  the  observed  79  1/Pa* 8 increase 
could  be  compared  directlv  with  the  101  1/Pa*8  increase  measured  in  the 
control.  However^  37^,  a substantial  portion  of  the  treatment,  was  removed 
during  two  months  of  weatnering  (Table  8).  Therefore,  there  ;.ao  a 
larger  cotton  fraction  in  the  sample  weight  of  weathered  fabric  6 than 
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TAB1£  8 


ill  nonweav.hered  fabric  6.  The  net  effect  would  be  to  lower  the  fluidity 
of  tho  Wiidth..red  fabric  rcls'ive  to  tne  nonweathered  fabric  and  thus  tcj 
reduce  the  extent,  of  fluidity  increase,  .since  treated  fedaric  & had 
apparently  not  betc  detruded  on  .ipplicatiOii  of  rhe  treatment,  it  ceun  be 
reasoned  that  its  true  fluidity  in  the  absence  of  all  treatment  should 
be  approximately  37  1/P# • fluidity  of  the  base  fadaric.  Therefore, 

if  treated  fabric  6 had  immediately  lost  all  treatment  on  weathering, 
its  fluidity  could  be  calculated  directly  by  basing  the  data  from  treated 
weathered  samples  on  the  untreated  nonweathered  control.  But  since  the 
sample  actually  retained  63%  of  its  copper  content  after  2 montns  of  Panaaia 
open  site  exposure,  230  minus  37  or  193  1/Pa*s  must  be  a maximum  estimate  of 
the  fluidity  increase.  The  best  estimate,  of  course,  Ixes  between  the 
extreme  values  of  79  and  193  1/Pa-s  corresponding  to  100  and  0%  treatment 
retention,  respective .iy,  of  treated  fabric  6 after  two  months  of  Pauiama 
open  site  exposure.  Wlien  the  Panama  exposure  was  terminated  at  12  months, 
there  was  only  2%  of  the  original  copper  content  remaining  in  the  fabric. 
Therefore,  if  the  12  months  weathered  sample  auid  its  control  can  both  be 
based  as  a reasonable  approximation  on  the  untreated  nonweathered  control, 
the  treated  fadiric  had  been  mere  severely  degraded  than  its  control  because 
the  terminal  values  were  352  and  290  1/Pa- a respectively.  The  breaking 
strength  data  also  indicated  more  degradation  in  the  treated  fabric  since 
the  treated  faibric  retained  only  28%  of  its  strength  relative  to  the  44% 

• atention  measured  in  the  control.  The  Panama  exposure  data,  in  effect, 
substantiated  the  accelerated  Weather-0»neter  degradation  of  the  treated 
f2b>ric  previously  discussed. 

Table  7 also  contains  the  data  obtained  from  exposure  at 
the  Sudbury  site.  The  breaOcing  strength  cind  fluidity  data  indicated 
that  the  copper  borate-zirconyl  ^unmonium  carbonate  treatment  had  pro- 
tected the  base  ftibric  from  actinic  degradation.  There  was  less  breaking 
strength  loss  in  the  treated  fabric  than  in  the  control  throughout  the 
12  months  exposure.  The  cuprammonium  fluidity  data  supported  the  breaking 
strength  data,  in  general,  back  of  significant  change  in  the  fluidity 
data  of  the  treated  fabric  for  the  first  six  months  of  exposure  was 
probably  due  to  some  degree  of  protection  afforded  by  the  treatment 
coupled  with  reduced  seasonal  radiation  at  Sudburv  (Appendix).  Apparently 
two  opposing  effects  were  in  approximate  balance;  i.a.,  fluidity  decrease 
due  to  removal  of  the  treatrr.ent  and  fluidity  increase  due  to  actinic 
degradation.  After  six  monf’.is  the  copper  content  of  the  treated  fabric 
was  reduced  from  0.522%  to  0.031%.  As  the  loss  of  treatment  stabilized 
and  the  seasonal  radiation  increased,  the  fluidity  values  began  to  increase. 
When  the  exposure  was  terminated  at  12  months,  the  treated  fabric  was 
less  degraded  thaui  the  control.  Consequently,  there  was  no  evidence  in 
the  Sudbury  exposure  data  to  confirm  the  accelerated  rate  of  deterioration 
experienced  by  the  base  fabric  during  Weather-Ometer  exposure  or  during 
P^u^ama  open  site  exposure.  The  results  from  copper  8-quinolinolate  treated 
fabric  1 indicated  that  it  lost  less  breaking  strength,  in  general,  than 
its  control  during  exposure  at  the  Sudbury  site.  Hence,  the  breaking 
strength  data  were  in  agreement  with  Weather-Ometer  findings  which  also 
indicated  less  breaking  strength  loss  in  the  copper  8-quinolinolate  treated 
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fabric  than  in  the  untreated  control. 


Although  the  copper  borate- zirconyl  .w.'ioni^.m  carbonate 
treatment  in  faibric  6 imparted  protection  during  the  out-^oor  exposure  at 
Sudbury,  the  Panama  open  site  exjxjsuie  was  the  more  valid  test  of  the 
performance  of  this  treatment  during  severe  actinic  irradiation.  The 
copper  content  of  treated  fabric  6 was  reduced  from  0.52?%  to  0,031% 
between  October  1964  and  April  1965  at  Sudbury  (Table  8).  Consequently, 
the  treatment  was  essentially  removed  prior  to  the  more  rigorous  test 
of  spring  and  summer  conditions.  The  climatological  data  for  Sudbury,  KA, 
which  are  tabulated  in  the  Appendix,  indicate  spring  and  summer  to  be  the 
seasons  of  the  greatest  total  solar  radiation  since  the  months  from  April 
to  August  were  the  only  months  to  supply  monthly  total  radiation  in  the 
5 X 10®  to  7 X 10®  joules  per  metre^  range.  Spring  and  surraner  are  also 
the  seasons  of  severe  actinic  degradation.  The  data  from  the  fabrics 
exposed  at  the  Sudbury  site  indicate  they  were  more  severely  degraded 
during  these  seasons.  Unfortunately  there  were  no  Panama  open  site  date 
available  for  copper  8-quinolinolatc  treated  fabric  1.  However,  chemical 
data  obtained  from  fabric  1 following  weathering  at  Sudbury  indicated 
that  80%  of  the  fungicide  content  was  present  at  the  beginning  of  the 
four  month  interval  from  May  to  August  1965.  Hence,  fabric  1 did  not 
lose  much  of  its  copper  8-quinolinolate  content  until  the  months  of 
increased  seasonal  radiation. 


Durability  of  Treatment  and  Stability  of  Biological  Activity 

Table  8 depicts  the  effect  of  weathering  on  the  copper  and 
copper  8-quinolinolate  content  of  fabrics  6 and  1,  treated  with  copper 
borate-zirconyl  ammonium  carbonate  and  copper  8-quinolinolate,  respectively. 
The  persistence  of  copper  8-quinolinolate  during  weathering  was  determined 
by  a chemical  method  which  assayed  the  entire  molecule  (reference  7) , and 
the  persistence  of  treatment  in  fabric  6 was  gauged  from  the  copper 
content  of  the  fabric  (reference  6) . The  presence  of  copper  borate-zir- 
conyl ammonium  carbonate  treatment  could  also  be  verified  visually  by 
the  bluish  tint  of  the  treated  fabric.  The  tint  was  easily  discernible 
at  levels  greater  than  0.1%  copper.  The  slow  loss  of  this  treatment 
during  exposure  at  the  rain  forest  location  supported  the  data  in  Table  3 
which  had  been  obtained  from  soil  burial  of  the  leached  specimens. 

These  data  had  indicated  the  leached  specimens  to  be  nearly  as  rot-resistant 
as  the  nonleached  specimens.  However,  exposure  at  either  ooen  site 
accelerated  the  rate  of  copper  loss  from  fabric  6 which  had  been  treated 
with  copper  borate-zirconyl  amunonium  carbonate.  Furthermore,  it  appears 
that  the  less  severe  climatological  conditions  at  Sudbury  during  the  fall 
and  winter  seasons  were  also  sufficient  to  cause  a severe  loss  of  treatment. 

Although  the  outdoor  exposure  of  fabrics  1 and  6 which 
were  begun  January  1965  and  October  1964,  respectively,  were  parts  of 
separate  studies,  it  was  of  interest  to  compare  the  persistence  of  the 
two  treatments  in  relation  to  the  differences  in  climatological  conditions. 
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During  the  first  four  months  of  weathering,  the  loss  of  copper  8-quinolin- 
olate  from  feJsric  1 was  gradual;  the  severest  loss  occurred  during  the 
next  four  months  interval  which  included  the  m-jnths  from  May  to  August 
1965.  The  severest  loss  of  copper  from  fabric  6,  which  had  been  treated 
with  copper  borate-zirconyl  ammonium  carbonate,  occurred  during  the  six 
month  interval  from  October  1964  to  March  1965.  It  is  evident  from  the 
data  contained  in  TeJale  6 that  a larger  percentage  of  the  copper  8-quin- 
olinolate  treatment  persisted  during  8 months  of  outdoor  exposure  at 
Sudbury. 


Table  9 lists  the  precipitation  and  total  solar  radiation 
received  by  fabrics  1 and  6 during  eight  months  of  outdoor  exposure  at 
Sudbury.  The  total  precipitation  received  by  the  two  fabrics  was 
relatively  comparable.  However,  fabric  1 received  the  greater  total 
radiation  39%  more  joules  per  metre^  than  fabric  6.  It  was  also  noted 
that  f^d^ric  6 lost  most  of  its  copper  content  during  the  months  of  lesser 
total  radiation  from  October  to  March.  In  contrast,  fabric  1 did  not 
lose  much  copper  8-quinolinolate  until  the  months  of  severe  total  rad- 
iation from  May  to  August,  which  are  also  months  of  severe  actinic 
degradation.  Although  there  was  no  facility  available  for  direct  measure- 
ment of  the  actinic  portion  of  the  total  radiation,  the  months  both 
fabrics  were  exposed  outdoors  can  be  compared.  Months  cormon  to  both 
fabrics  included  the  interval  from  January  1965  to  May  1965.  In  addition, 
f^J3ric  1 was  exposed  June,  July,  and  August  1965 • By  contrast,  fabric  6 
was  exposed  October,  November,  and  December  196^.  Hence,  it  is  likely 
that  fzdjric  1 was  also  exposed  to  a larger  dosage  of  actinic  radiation. 

In  summary,  the  available  data  indicate  that  not  only  was  copper  8-quino- 
linolate  more  durable  than  the  copper  borate-zirconyl  ^unmonium  carbonate 
treatment  to  weathering  but  more  durable  despite  exposure  of  the  copper 
8-quinolinolate  treated  fabric  to  a larger  dose  of  total  and  quite  likely 
actinic  radiation  as  well. 

Ta±>le  10  contains  data  describing  the  rot-resistance  of 
feJsrics  1 and  6 before  and  after  exposure  at  the  two  open  sites.  Soil 
burial  data  from  Table  3 were  included  to  demonstrate  the  rot-resistance 
prior  to  weathering.  Fabric  1,  which  originally  contained  1.03%  copper  8- 
quinolinolate,  did  not  become  susceptible  to  microorganisms  until  it 
was  reduced  to  0.02%  after  eight  months  of  weathering.  In  contrast, 
fabric  6 retained  little  microbiological  resistance  after  four  months  of 
weathering  at  Sudbury , although  the  copper  content  of  the  fabric  had  only 
been  reduced  from  0.522%  to  0.235%.  The  rapid  loss  of  biocidal  action 
amd  copper  content  during  open  site  exposure  but  not  rain  forest  exposure 
indicated  that  the  treatment  in  fabric  6 was  presumadsly  unstable  to 
actinic  irradiation.  However,  the  rot-resistance  of  fabric  6 after 
Panama  open  site  exposure  was  significantly  better  than  the  microbiological 
resistance  remaining  after  Sudbury  exposure.  In  fact,  fabric  6 contained 
only  0.048%  to  0.012%  copper  when  it  became  susceptible  to  microorganisms 
after  eight  to  ten  months  of  exposure  at  this  site.  But  the  better  soil 
burial  performance  following  exposure  at  this  site  might  not  have  been 
strictly  due  to  the  treatment,  because  the  treatment  rapidly  lost  biocidal 
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action  following  milder  condition.-?  at  Sudb’iry.  Tne  difference  in  micro- 
biological resistance  following  exposure  a*-  thr  two  sites  rannot  be 
resolved  on  the  basis  of  the  available  data.  Complex  interactions  between 
treatment,  fabric  and  environment  are  probably  res^xsnsible  for  this 
difference  between  sites.  Clearly,  an  analytical  method  specific  for 
the  entire  molecule  would  have  provided  more  information  regarding  the 
st^d^ility  of  the  treatment  than  the  chemical  test  employed.  Hence,  in 
the  absence  of  a specific  chemical  test,  the  biological  test  provided 
essential  data  not  obtainadsle  by  chemical  means. 


Zirchrome 


Rot-Resistance 


Tei)le  11  contains  the  results  obtained  from  ledsoratory  tests 
ner formed  on  osnaburg  fadarics  treated  by  the  Zirchrome  Process. 
Cupreunmonium  treated  osnedaurg  f^d^ric  18  is  included  as  a basis  for  eval- 
uating the  data  obtained  from  the  Zirchrome  treated  fabrics.  At  the 
time  when  these  tests  were  p>er formed,  the  cupreuitmonium  salts  treatment 
was  extensively  used  for  the  protection  of  cotton  osneiburg  sandbags. 

The  data  for  cuprammonlum  treated  fabric  18  and  Zirchrome  treated  fabric 
19  each  represent  the  average  of  two  sets  of  independent  data  obtained 
under  competrable  conditions.  The  other  four  f2d3rics  aure  a sepeurate  group 
previously  tasted  and  only  one  set  of  results  was  obtained  from  each  of 
these  f^d3rics.  The  soil  burial  data  from  the  cupraunmon ium  treated  fabric 
indicated  that  it  lost  11%  breaking  strength  after  three  weeks  of  soil 
burial.  In  contrast,  copper  8-guinolinolate  treated  fabric  1 (Tadale  3) 
did  not  lose  any  strength  during  the  first  30  days  of  soil  burial.  As 
the  cuoraunmonium  treated  fabric  rotted,  discolored  areas  retaining  little 
to  no  strength  developed.  This  was  evident  after  only  three  weeks  of 
soil  burial.  All  other  treated  fabrics  discussed  in  this  report  were 
more  uniform  in  this  respect.  The  visual  appearance  of  the  fabric  after 
soil  burial  emd  the  initial  breakino  strength  loss  of  11%  tooether 
suggested  that  the  treatment  on  the  fabric  was  stxstty  or  uneven.  After 
three  months  of  soil  burial,  the  breaking  strength  losses  in  copper  8- 
quinolinolate  treated  fabric  1 and  cupr ammonium  treateo  fabric  18  wore 
the  same. 


Greige  fabric  12  and  scoured  fabric  15  were  prepared  by  one 
set  of  experimental  conditions  and  greige  fabric  13  and  scoured  fabric 
16  by  another.  The  results  indicate  that  the  scoured  fabric  for  each 
set  of  experimental  conditions  was  more  rot-resistant  than  its  greioe 
counterpart.  This  was  anticipated.  Following  soil  burial,  the  breaking 
strength  losses  of  scoured  fabrics  15  and  16  were  comparable  to  the  losses 
measured  in  the  cuprammoniun  treated  fad>ric.  Scoured  fabric  19,  which 
was  evaluated  in  the  same  study  as  the  cuprammonium  treated  fabric,  did 
not  perform  as  well.  However,  the  cuprammonium  treated  fabric  was  really 
no  better,  functionallv  speaking,  because  the  discolored,  rotted-out 
areas  could  prematurely  leak  sandbag  filling  material. 
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Fabrics  treai-pd  by  the  Zirchrome  f'-ocess  we-e  not  as  '.ot- 
reslstant  as  the  copper  borate-zlr ccnyl  ammonium  carbonate  treated  fabrics 
previously  discussed.  In  addition,  the  rirchro">e  treated  fabrics  generally 
lost  some  microbiological  resistance  after  leaching  unlike  the  copper 
borate-zirconyl  ammonium  carbonate  treated  fabrics.  Fabric  scouring 
apparently  did  not  reduce  the  loss  of  microbiological  resistance  due  to 
leaching  because  scoured  fabrics  15  and  16  were  not  consistently  better 
than  greige  counterparts  12  and  13.  In  general,  Weather-Ometer  exposure 
caused  a smaller  loss  of  rot-resistance  than  did  leaching.  Aoain,  there 
was  no  substantial  difference  between  scoured  and  nreige  fabrics.  Cuprammonlum 
treated  fabric  18  also  lost  some  microbiological  resistance  as  a result  of 
leaching  and  Weather-Ometer  exposure. 


Weather-Ometer  Ex3X>sure 

Table  12  demonstrates  the  effect  of  Weather-Ometer  exposure  on 
the  breaking  strength  of  fabrics  treated  bv  the  Zirchrome  Process. 
Cuprammonium  treated  fabric  18  was  also  included  although  there  was  no 
control  avilabU  tor  It.  It  lost  ooly  8. 

of  100  hours  of  Weather-Ometer  exposure.  The  ..irchrome  treated  fabrics 
unlike  the  copper  borate-zirconyl  ammonium  carbonate  treated  fabrics 
listed  in  Table  4 did  not  consistently  have  a greater  breaking  strength 
than  their  respective  controls.  Hence,  all  calculations  ot  breaking 
strength  loss  were  based  on  the  original  treated  fabric 

the  untreated  fabrics.  The  percentages  as  calculated  indicated  that  th 
breaking  strength  losses  following  100  hours  of  Weather-Ometer  exposure 
were  approximately  the  same  for  the  greiae  fabrics  whether 
treated  or  not.  However,  Zirchrome  treated  scoured  fabrics  15  and  16 
lost  less  breakina  strength  due  to  Weather-Ometer  exposure  than  scoured 
control  17.  The  same  was  true  for  Zirchrome  treated  scoured  fabric  19 
relative  to  scoured  control  20. 

Hence,  the  results  from  the  scoured  fabrics  supported  the  con- 
tention that  the  Zirchrome  finish  improved  the  weather-resistance  of 
cotton  fabric.  In  no  instance  was  there  anv  evidence  of  accelerated 
Weather-Ometer  degradation  of  the  base  fabric  in  the  presence  of  the 
Zirchrome  treatment. 

Outdoor  Exposure 

"’able  13  contains  the  results  obtained  from  fabrics  weathered 
at  the  Sudbury  open  site.  This  is  the  only  case 

cuprammonium  treated  fabric  18  and  Zirchrome  treated  fabric  19  plus  its 
control  represent  one  set  of  results  rather  than  two  averaged  together. 
These  results  indicated  that  cuprammonium  treated  fabric  18  and  Zarc  rone 
treated  fabric  19  retained  41%  and  5&%  of  their  breaking  strength,  respec 
lllTlT.  10  ,~«hs  of  ootaoor  oxoosore.  the  .xpo.ur. 

conditions  the  o^ntrol  for  zirchroee  treated  febrio  19  rete.ned  only  16. 
of  Its  breatinn  strennth.  Bence,  the  outdoor  exno.ure  data  indicate 
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that  the  Zirchrome  finish  protected  the  base  fabric  from  actinic  degrad- 
ation and  thus  supported  compar^d)le  Weather-Ometer  findings  obtained 
from  scoured  osnaburg.  However,  the  results  obtained  from  copper  borate- 
zirconyl  ammonium  carbonate  treated  fabric  6 previously  discussed  demon- 
strated that  tropical  exposure  should  be  the  ultimate  test  for  a treatment 
destined  to  be  used  in  that  environment.  Hence,  a final  judgement  on 
the  merits  of  the  Zirchrome  finish  would  have  to  depend  on  the  outcome 
of  such  tests  although  there  were  no  indications  from  the  available  data 
that  the  treatment  would  perform  other  than  satisfactorily  in  a tropical 
environment. 


CONCLUSIONS 

The  copper  borate-zirconyl  ammonium  carbonate  treatment  provides 
good  rot-resistance  relative  to  copper  8-quinolinolate.  In  the  feibrics 
tested  the  microbiological  protection  was  at  least  equal  to  but  generally 
superior  to  the  protection  afforded  by  the  copper  8-quinolinolate  treated 
reference  fsdiric.  In  general,  the  microbiological  resistance  of  fabrics 
treated  with  copper  borate-zirconyl  ammonium  carbonate  was  not  slgnif icantly 
affected  by  either  leaching  or  Weather-Ometer  exposure.  However,  several 
exceptions  existed,  and  an  attempt  to  reconcile  the  accelerated  degradation 
of  fabric  and  loss  of  biocidal  action  during  Weather-Ometer  exposure  with 
treatment  composition  was  not  successful. 

One  of  the  erratic  fabrics  was  the  119-metre  test  run  prepared  for 
full  field  evaluation  in  both  tropical  and  temperate  climates.  The 
tropical  exposure  data  substantiated  the  accelerated  fabric  degradation 
which  had  occurred  during  Weather-Ometer  exposure,  but  the  temperate 
exposure  data  did  not.  Nevertheless,  the  fabric  specimens  exposed  in  the 
temperate  environment  did  lose  substantial  biological  activity  in  support 
of  simileu:  findings  following  Weather-Ometer  exposure,  although  the 
results  of  chemical  analysis  indicated  that  a considerable  portion  of 
the  copper  content  had  not  been  removed.  In  contrast,  the  available 
data  indicated  that  copper  8-quinolinolate  was  more  durable  to  outdoor 
exposure  at  this  site  and  provided  microbiological  protection  until  the 
treatment  was  essentially  removed.  Inexplicably  the  copper  borate- 
zirconyl  2unmonium  caurbonate  treated  fadsric  retained  better  biolgical 
activity  following  exposure  to  the  harsher  tropical  environment. 

The  microbiological  protection  afforded  by  the  Zirchrome  Process 
was  inferior  to  the  protection  provided  by  the  copper  borate-zirconyl 
ammonium  carbonate  treatment.  Also  the  protection  was  not  as  durable  to 
the  effects  of  Weather-Ctaeter  exposure  and  particularly  leaching. 
Weather-Ometer  and  outdoor  exposure  data  from  the  temperate  site  indicated 
that  the  Zirchrome  finish  improved  the  weather-resistance  of  scoured 
osnaburg,  and  there  was  no  evidence  of  accelerated  degradation  in  the 
presence  of  the  finish.  However,  Zirchrome  treated  greige  fabrics  did 
not  perform  as  well  as  Zirchrome  treated  scoured  fabrics  either  in  soil 
burial  or  Weather-Ometer  tests. 
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With  one  exception,  the  Zlrchroro  treatment  rendered  ecoured  oenaburg 
as  rot-reslatant  aa  the  fabric  treated  with  cnprammonlum  salts.  However, 
the  protection  provided  by  the  cuprammonlum  treatment  was  also  not 
durable  to  the  effects  of  Meathei -Ometer  exposure  and  leaching.  The 
cupraxaeonixxB  treatment  was  judged  more  uneven  that  the  other  treatments 
in  the  fabrics  tested  because  of  the  early  breaking  strength  loss  during 
aoll  burial  and  rotted-out,  discolored  areas  which  could  prematurely 
leak  filling  material.  On  the  other  hand,  the  Zirchrome  treatment  could 
not  be  considered  a suitable  substitute  because  of  the  large  tearing 
strength  loss  resulting  from  treatment. 

In  view  of  the  above  deficiencies  and/or  inconsistencies  in  behavior 
to  environmental  stress,  neither  zirconium-containing  finish  can  be 
presently  recosmended  as  preferable  to  military  fungicides  in  current  use 
for  the  preservation  of  cotton  fabric. 
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Climatolooical  data  froiri  Sudbury, 


Wind  speed  at  height  of  2 metre  above  ground. 


•Less  than  75%  of  data  availcible. 


